Results : We observed a previously identified mutation (pI46V) in 2 patients with ALS without a known family link and found a novel mutation (pR121H) in 1 patient who developed ALS with rapid progression. We did not observe an association between patients with ALS and the rs11701 polymorphism, as previously reported in certain ALS populations of other ethnic origins. The ANG gene, located in 14q11.2, encodes angiogenin, a 14.1-kDa enzyme that belongs to the pancreatic ribonuclease A superfamily. 6 Angiogenin is synthesized as a preprotein that contains a signal peptide of 24 amino acids. The mature angiogenin protein contains a putative receptor binding region, a domain implicated in immunomodulation, a nuclear localization sequence, and a catalytic site responsible for a low ribonuclease activity. It is expressed in several cells, including glial cells and motoneurons in the spinal cord and dorsal root ganglia. 7 Angiogenin, whose expression is induced by hypoxia, mediates neovascularization and has been recently involved in neurite pathfinding. 8, 9 Thus, we analyzed the coding region of the ANG gene in a large French cohort of 855 patients with sporadic ALS.
METHODS
Clinical data and blood samples were obtained from 855 patients with sporadic ALS. The ALS was diagnosed according to the El Escorial World Federation criteria by physicians in the French ALS Study Group centers. Clinical data comprised the sex, site of onset, age at onset, and duration of ALS. Control subjects were spouses of patients, who were matched with patients by age and sex. All patients and controls gave written informed consent.
DNA was extracted from peripheral blood samples using a standard procedure. The unique exon of the ANG gene was amplified by polymerase chain reaction using the following foward and reverse primers: 5Ј-tgttcttgggtctaccacacc-3Ј and 5Ј-aatggaaggcaaggacagc-3Ј, respectively. Bidirectional sequencing (ABI 3130xl sequencer; Applied Biosystems, Courtaboeuf, France) and analysis (Seqscape software; Applied Biosystems) were then performed. Muta-tions were confirmed by reamplification and sequencing. We also analyzed by sequencing the ANG coding region in 234 controls. Modelization of the angiogenin variant was performed using the crystal structure of the normal angiogenin protein (PDB ID 1b1i), the Swiss model server (http://swissmodel.expasy.org/), and the molecular visualization system Pymol (http://pymol.sourceforge .net/).
RESULTS
We found coding mutations in the ANG gene in 3 patients with sporadic ALS (Figure, A-C) (estimated frequency, 0.35%; 95% confidence interval, 0.07%-1.02%). A novel mutation was found in 1 male patient with sporadic ALS. This mutation, which is a heterozygous substitution G434A, changes the amino acid (Arg121His) in the C-terminal region of the mature angiogenin protein (Figure, A) . The modelization of the variant angiogenin suggests that histidine 121 may affect the environment of the catalytic center, in that a shorter and cyclic amino acid replaces a long and linear one ( Figure, D and E). We also found the heterozygous substitution A208G (Ile46Val) in 2 patients with sporadic ALS without a known family link (Figure, B and C) . No mutation was observed in a control population of 234 healthy individuals.
We confirmed the presence of the rs11701 singlenucleotide polymorphism in the ANG gene in ALS and control populations. This polymorphism consists of a substitution T Ͼ G. We did not observe significant differences in allelic distributions between patients with sporadic ALS (T: n=1538 [9 Table. COMMENT We report a novel mutation of the ANG gene in a patient who developed ALS with rapid progression and observed a previously known mutation in 2 patients with sporadic ALS. The novel mutation (G434A) changes the amino acid (R121H) in the C-terminal region of the mature angiogenin protein. This G434A mutation is rare; to date, it has been found in only 1 of 3155 patients with ALS, including our results and all published data. 5, [10] [11] [12] The fact that it has not been observed in 2135 healthy individuals suggests that T T T  T  T  T T T  T T  T  G  R  R  A  a  C C  C  C  C  c  T T T  T T  T  R  A it is not a neutral polymorphism. However, functional studies will be necessary to confirm this theory. We observed that the R121H change may alter the conformation of the catalytic center. Wu et al 12 recently identified a P112L mutation in 1 patient with ALS; therefore, this novel R121H mutation represents the second mutation identified in the C-terminal region of the ANG gene.
The A208G substitution that we observed in 2 unrelated patients with sporadic ALS already has been found in 2 Scottish patients with familial ALS and 1 Scottish patient with sporadic ALS. 5 Patients described in the present study are not of Scottish descent. We did not observe this mutation in our 234 French controls. This substitution was observed in 2% of Italian controls, and thus it may represent a rare polymorphism. 11 In our meta-analysis, we found a frequency of 0.2% for this polymorphism in apparently healthy individuals, which is in the range of the estimated life span incidence of ALS (1/800). It may be possible that this mutation is associated in some populations with other genetic variations, modulating its effect. The A208G substitution changes the amino acid in position 46 (I46V). A recent biochemical study 13 of ANG mutations indicated that this I46V variation was associated with a 10-fold decrease in ribonuclease activity.
Greenway et al 5 observed an association with the G allele of rs11701 in Irish or Scottish populations with ALS. A similar association was found in an Italian ALS population. 11 However, no association was observed with another Italian, 10 a US, an English, and a Swedish population. 5 In our study, we did not observe a difference in allelic and genotypic distributions for rs11701 between French populations of controls and patients with ALS. These results suggest either that the observed associations were false-positive results or that linkage disequilibrium exists between this polymorphism and an unknown mutation in some populations.
The identification of new mutations in the ANG gene brings further support for a role for angiogenin in the physiopathologic mechanisms of ALS. The implication of the G434A and A208G substitutions in ALS will have to be assessed by biological assays on angiogenesis and neurite path finding and molecular assays on nuclear transport, ribonuclease activity, and ribosomal RNA synthesis. Indeed, angiogenin has been shown to enhance ribosomal RNA transcription via binding to DNA in ribosomal RNA genes. 14 Interestingly, we and others 15, 16 have reported that the SMN1 gene, also presumed to act on ribosomal RNA synthesis (maturation), is a risk factor for ALS. 
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